ABSTRACT: We collected a total of 169 adult hard ticks and 120 nymphs from under the leaves of plants located along tourist nature trails in ten localities. The results present data examining the vector competence of ticks of different genera and the presence of Rickettsia and Anaplasma species. The ticks belonged to three genera, Amblyomma, Dermacentor, and Haemaphysalis, comprising 11 species. Rickettsia bacteria were detected at three collection sites, while Anaplasma bacteria were detected at only one site. Phylogenetic analysis revealed new rickettsia genotypes from Thailand that were closely related to Rickettsia tamurae, Rickettsia monacensis, and Rickettsia montana. This study was also the first to show that Anaplasma bacteria are found in Haemaphysalis shimoga ticks and are closely related evolutionarily to Anaplasma bovis. These results provide additional information for the geographical distribution of tick species and tick-borne bacteria in Thailand and can therefore be applied for ecotourism management. Journal of Vector Ecology 40 (2): 262-268. 2015.
INTRODUCTION
Tick-associated bacteria have been identified in many regions of the world, including Thailand. The most recent review summarized the pathogenic agents reported in Thailand, where the most predominant tick-borne agents belong to the Order Rickettsiales (Anaplasma, Ehrlichia, and Rickettsia), and are detected in both ticks and vertebrate species (Ahantarig et al. 2008) . Spotted Fever Group rickettsia (SFGR) have been associated with diseases that affect public health, according to a previous study reporting cases of spotted fever in people from Chiang Mai Province in 1994 (Sirisanthana et al. 1994) and Kanchanaburi Province in 2003 (Parola et al. 2003) . A Rickettsia honei-type strain has also been identified in Ixodes granulatus ticks collected from Nakhon Ratcharima Province in 2001 (Kollars et al. 2001) . Known SFGR have been identified in Thailand, whereas novel rickettsia bacteria implicated in human diseases have been isolated from many countries in Asia, such as the incidence of Japanese spotted fever in South Korea caused by Rickettsia japonica reported in 2006 (Chung et al. 2006) . In addition, a case of Rickettsia heilongjiangensis infection was recorded in Japan in 2010 (Ando et al. 2010) . The first human case of Rickettsia tamurae infection in Japan was reported in 2011 (Imaoka et al. 2011) . Rickettsia africae infection in a Japanese traveller with many tick bites was reported in 2012 (Fujisawa et al. 2012 ). In addition, Anaplasma has been considered a tick-borne pathogen that affects animal and human health worldwide (Rymaszewska and Grenda 2008) , and recently human infection with a novel tick-borne Anaplasma species has been reported in China (Li et al. 2015) . Evidence of Anaplasma in various ticks in Thailand has long been reported. For example, a partial gene of Anaplasma spp. was detected in Dermacentor auratus, Haemaphysalis lagrangei, and Amblyomma javanense collected from vertebrate hosts, including dogs, bears, and pangolins in the Thai-Myanmar border region (Sangkhlaburi District, Kanchanaburi Province, Thailand) (Parola et al. 2003) . The Rickettsia-like Anaplasma platys has recently been identified in Rhipicephalus sanguineus ticks collected from dogs in 2011 (Foongladda et al. 2011) . In the present study, we report data concerning the tick species and investigate Rickettsia and Anaplasma bacteria in natural tick populations.
MATERIALS AND METHODS

Tick collection and identification
The ticks were collected from under leaves of plants growing along tourist nature trails at heights of approximately 0.1-1.2 m from the forest floor. Ticks were collected during the dry season (November to May) from 2009-2011. The locations of the ten collection sites are shown in Figure 1 . The live ticks were collected and subsequently frozen at -80° C until further use. Individual ticks were assessed for sex, stage, and species using a previously described morphological taxonomic key (Tanskul and Inlao 1989, Walker et al. 2000) .
DNA extraction
The ticks were washed with 70% ethanol, 10% sodium hypochlorite, and sterilized distilled water (Hirunkanokpun 2003) to remove microorganisms on the surface of the ticks prior to DNA extraction. DNA was extracted from each individual adult tick, and the DNA from immature ticks was extracted from pools containing 20 nymphs per group. The extraction of whole genomic DNA was performed using the QIAamp DNA Blood Mini Kit (Qiagen, Hilden, Germany) according to the manufacturer's instructions. The extracts were preserved at -20° C until further use.
Bacteria detection through PCR
Prior to screening pathogenic and non-pathogenic bacteria, the quality of the DNA extracts was assessed through PCR using 16s+1/16s-1 primers. These primers were used to amplify a 460 bp fragment of 16S ribosomal DNA from these ticks ( Table 1 ). The references detailing the PCR cycles and primers used in the present study are listed in Table 1 . The PCR products were analyzed through electrophoresis on 1% agarose gels, followed by staining with ethidium bromide. The positive DNA amplicons were purified using the High Pure PCR Product Purification Kit (Roche, Basel, Switzerland) according to the manufacturer's instructions, and verified through sequencing at Macrogen Inc. The obtained sequences were compared using the BLAST search tool.
Phylogenetic analysis
Partial DNA sequences obtained from the amplified PCR products were aligned with the corresponding sequences of other Rickettsia and Anaplasma species available in GenBank using CLUSTAL W. Phylogenetic analysis was performed using PAUP, version 4.0b1. A maximum parsimony tree was constructed through a heuristic search using general search options. Confidence values for individual branches of the resulting tree were determined through bootstrap analysis with 1,000 replicates. The outgroup for this analysis was Rickettsia bellii, and for the Anaplasma tree, Wolbachia pipientis was selected as an outgroup.
RESULTS
Tick samples
In the present study, a total of 169 adult hard ticks and 120 nymphs were collected. These ticks belonged to three genera, Amblyomma, Dermacentor, and Haemaphysalis, comprising 11 species. The most to the least abundant species were Haemaphysalis lagrangei (73 adults) followed by Haemaphysalis bispinosa, Haemaphysalis shimoga, Haemaphysalis obesa, Dermacentor auratus, Haemaphysalis semermis, Haemaphysalis hystricis, Dermacentor astrosignatus, Amblyomma integrum, Amblyomma testudinarium (one adult), and Haemaphysalis asiatica (one adult). Additionally, 120 nymphs were collected and identified as Haemaphysalis spp. The diversity of the hard ticks at each collection site was not similar. A total of seven species was collected from two collection sites, locations three and four, representing the largest number of species collected. Only one species was collected from locations one, two, and seven. The species, number, stage, and sex of hard ticks in each collection are shown in Table 2 Table 2 , calculated from the total number of the adults. Anaplasma bacteria were detected at only one site. The infection rate of Rickettsia spp. was not similar for the same species from different locations. For example, the percent of Rickettsia spp. infection in H. lagrangei at location five was 50%, while the percent of Rickettsia spp. infection in this same species was 9% at location four, 33% at location eight, and undetectable at location three. Anaplasma sp. was detected in one of four H. shimoga ticks collected from location 4 (1/4 ticks and positive only in 1/3 male ticks). All nymphal pools were negative for the bacteria.
Comparison of positive Rickettsia sp. and Anaplasma sp. using the NCBI database and phylogenetic analysis
The PCR amplicons corresponding to 16S rRNA from Anaplasma (ge9f-ge2R) were sequenced and showed 98% identity (465/474bp) with several Anaplasma bovis strains (Accession numbers GU556626, EU181143, AB196475). Based on the amplification and sequencing of a fragment of the gltA gene, we detected Rickettsia spp. in H. bispinosa (HBPK), H. lagrangei (HLPK), A. testudinarium (ATPK), and A. integrum (ALKY). Rickettsia sp. from H. bispinosa matched the first three selected Rickettsia spp., R. monacensis (CP003340, 550/561 = 98%), R. montana (U74756, 550/561 = 98%), and R. raoultii (JX885455, 549/561 = 98%). In addition, Rickettsia sp. from H. lagrangei matched the first selected Rickettsia spp., R. tamurae (AB812551, 566/571 = 99%), R. monacensis (KC993860, 567/573, 98%), and the Rickettsia endosymbiont of Amblyomma dubitatum (JN676158, 555/563, 98%).
Rickettsia gltA gene detected from A. integrum was similar (the first three selected Rickettsia spp.) to the Rickettsia symbiont of Amblyomma dubitatum (JN676158), with 98% identity (551/565), R. tamurae (AB812551) with 97% identity (550/565), and R. monacensis (KC993860) with 97% identity (550/565). Interestingly, the Rickettsia gltA gene isolated from A. integrum contained a 10 bp insert (GAACTTACCG) compared with the same region in the gltA gene isolated from other Rickettsia strains in the GenBank database. Rickettsia sp. detected from A. testudunarium was identical to R. tamurae (AB812551 and AF394896, 561/565), with 99% identity, and the Rickettsia endosymbiont of Amblyomma dubitatum (JN676158, 560/565=99%).
Partial Rickettsia (glt A) DNA sequences were detected in two species of Amblyomma (A. integrum and A. testudinarium, Accession numbers KP637157 and KP637156, respectively). The phylogenetic study revealed that the rickettsial DNA detected in both Amblyomma species was closely related to R. tamaurae (Accession number = AF394896) and R. monacensis (Accession number = KC993860), confirmed through phylogenetic tree construction based on the gltA gene ( Figure   2 ). In addition to these results, Rickettsia sp. from H. lagrangei (Accession number = KP637158) grouped with Rickettsia tamurae (Accession number = AF394896) and R. monacensis (Accession number = KC993860), whereas the Rickettsia sp. from H. bispinosa (Accession number = KP637155) is closely related to Rickettsia sp. strain Kagoshima6 (Accession number = JQ697956) and R. montana (Accession number = U74756). Phylogenetic analysis revealed that the Anaplasma sp. in H. shimoga (Accession number = KP659195) is closely related to Anaplasma bovis (Accession number = EU181143) and Ehrlichia bovis (Accession number = U03775) (Figure 3) .
DISCUSSION
In the present study, we identified four hard tick species from Thailand (H. lagrangei, H. bispinosa, A. testudinarium, and A. integrum) , harboring Rickettsia spp. We also identified Anaplasma sp. closely related to A. bovis in the tick, H. shimoga. The study provided additional data concerning hard ticks and their associations with these bacteria. The phylogenetic analysis revealed that the new rickettsia genotypes from Thailand were closely related to R. tamurae, R. monacensis, and R. montana. The identification of rickettsia closely related to R. tamurae, R. monacensis, and R. montana is important for understanding the epidemiology of tick-borne diseases in Thailand, because these three species are the causative agent of human diseases. For example, the first clinical case of R. tamurae infection was reported in the western region of Central Japan in 2011 (Imaoka et al. 2011) , although R. tamurae was first identified in 2006 (Fournier et al. 2006) . The identification of a novel rickettsia species of unknown pathogenicity is significant because later recognition of its role as a pathogen or symbiont is possible, as has been the case for some past species. Rickettsia species closely related to R. tamurae from Thailand were detected in A. testudinarium, the same R. tamurae tick species frequently isolated in Japan (Mahara 1997) . These findings also suggest the risk for rickettsioses outbreaks in Thailand. Jado et al. (2006) identified R. monacensis as a cause of acute tick-borne rickettsiosis in two humans. The pathogenic role of these bacteria was assessed through culture and detection in patient blood samples. In addition, R. montana are also pathogenic rickettsiae. Several tick species removed from humans were positive for R. montana (Stromdahl et al. 2001) .
In the present study, we examined Rickettsia spp. in hard ticks. SFGR genotypes were detected in two species of ticks, A. testudinarium and Haemaphysalis ornithophila (Hirunkanokpun 2003) . Studies have shown that H. lagrangei harbors SFGR (Ahantarig et al. 2011) . Several species of rickettsia have been detected in Thailand, including Rickettsia sp. strain ATT, Rickettsia strain RDa 420, Rickettsia sp. strain 2464, and R. honei strain TT-118 (Ahantarig et al. 2008) . However, epidemiological studies of spotted fever in Thailand report a higher number of actual cases compared with published reports, as these diseases are often misdiagnosed or underdiagnosed when the eschar or rash (the hallmark for Rickettsioses) is absent, and local physicians typically do not recognize these diseases. The results of the present study provide additional information supporting the impact of spotted fever on Thai public health (Parola et al. 2003 , Suttinont et al. 2006 . Moreover, we provided the first evidence of A. bovis in H. shimoga. However, additional Anaplasma species, such as Anaplasma platys, have been identified in Rhipicephalus sanguineus on dogs in Thailand (Foongladda et al. 2011) . These data suggest that domestic dogs might serve as reservoir hosts in rural areas or villages near the forest, and additional surveys and pathogen screening of tick species will increase the current understanding of the disease transmission cycle.
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The observation that ticks are present on the vegetation along natural trails where tourists walk suggests that as humans, ticks, and animals are located in the same area, tourists should be cautious of tick-biting. The results of this research provide information concerning the geographical distribution of tick species in Thailand, and this information can be applied for ecotourism management and provide additional information concerning tick-borne diseases in Thailand.
